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© Three-dimensional multi-chip module. 

© A three-dimensional multi-chip module having a 
high integration density and a high power output in 
accordance with the present invention comprising: 
a substrate (2) having wiring patterns with a plurality 
of electrode terminals (21), at least a single semicon- 
ductor element (10a) arranged facedown on the bot- 
tom surface of the substrate (2) and operatively 
connected to the electrode terminals (21), at least a 
single semiconductor element (10b) and/or passive 
element (6) arranged on the front surface of the 
substrate (2) and operatively connected to the elec- 
trode terminals (21), a heat conductive base (4) 
facing the bottom surface of the substrate (2) and 
thermally in contact with the back surface of the 
semiconductor element (2) arranged on the bottom 
surface of the substrate (2), a support base (3), a 
cap (7) and a heat sink (5), thereby the heat conduc- 
tive base (4), the support base (3) and the cap (7) 
forming an enclosure of the substrate (2). 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a three-dimen- 
sional multi-chip module comprising a plurality of 
semiconductor chips, and more particularly to the 
structure of a multi-chip module which achieves a 
higher integration density and a high power output. 

2. Description of the Related Art 

The most typical three-dimensional multi-chip 
module of the prior art is schematically illustrated 
in Figure 1. A plurality of semiconductor elements 
(chips) 10 are arranged on both surfaces of a 
substrate 2. Wiring patterns and electrode termi- 
nals (not shown) are formed in advance on the 
surfaces of the substrate 2, and bonding pads 
formed on each semiconductor element 10 are 
operatively connected to electrode terminals of the 
wiring patterns by bonding wires 13. The substrate 
2 with semiconductor elements 10 is disposed on a 
stage 11 a. of a lead frame 11, and electrode termi- 
nals of the wiring pattern are operatively connected 
by. boding wires 15 to inner leads 11b of the lead 
frame 11. Thus formed subassembly is molded in 
a mold package 18 of epoxy resin. 

In order to obtain a higher integration density in 
a multi-chip module, a wireless bonding method 
has been utilized. As the wireless bonding method, 
a flip-chip method, a beam lead method and a TAB 
(tape automated bonding) method are widely 
known. Among these methods, the flip-chip method 
is most effective for saving bonding area on the 
surface of a substrate. 

When the multi-chip module includes a semi- 
conductor element which dissipates a lot of heat 
during operation, there arises another problem how 
to give off the heat generated in the semiconductor 
element out of the multi-chip module. Figure 2 
shows an example of a multi-chip module of the 
prior art, in which the multi-chip module comprises 
two high output power semiconductor elements 
10a. The multi-chip module further comprises two 
semiconductor elements 10b heat dissipation of 
which is comparatively small. All semiconductor 
elements 10a, 10b are bonded facedown to a sub- 
strate 2 by the flip-chip bonding method, namely, 
bumps 14 of solder are formed in advance on the 
major surface of the semiconductor elements and 
the semiconductor elements are disposed on the 
substrate 2, thereby the bumps on the major sur- 
face being brought in contact with electrode termi- 
nals of wiring pattern (not shown) on the substrate 
2 and bonded together, and the wiring pattern 
being connected to outer leads 12. The back sur- 
face of the high power semiconductor elements 



10a is further made in contact with a heat conduc- 
tive base 4 using heat conductive paste 16 there- 
between. After fixing a heat sink 5 to the above 
package, the multi-chip module is finally complet- 
s ed. 

The package structure of the prior art of Figure 
2 encloses semiconductor elements which are ar- 
ranged two-dimensionally on a front surface of the 
substrate 2 only. Therefore, an integration density 

10 can not be increased to the level of three-dimen- 
sional multi-chip module. Further, there is a prob- 
lem that mixed disposition of the semiconductor 
elements is difficult, in which one semiconductor 
element requires wire bonding and the other semi- 

15 conductor element requires flip-chip bonding. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 

20 vide a multi-chip module having a high integration 
density and a high power output. 

It is another object of the present invention to 
provide a multi-chip module having a higher in- 
tegration density and a high power output, in which 

25 high power semiconductor elements and low power 
semiconductor elements and/or passive elements 
are mixed and arranged three-dirnensionally on 
both surfaces of a substrate. 

It is still another object of the present invention 

30 to provide a three-dimensional multi-chip module 
which comprises provision for directly removing the 
heat generated in high power semiconductor ele- 
ments arranged on one side of a substrate. 

It is further object of the present invention to 

35 provide the three-dimensional multi-chip module 
which further comprises provision for indirectly 
cooling the elements arranged on the other side of 
the substrate by removing the heat of the sub- 
strate. 

40 The above objects are achieved by a three- 

dimensional multi-chip module of the present in- 
vention comprising: a substrate having a first and 
second surface, and comprising wiring patterns 
having a plurality of electrode terminals on the first 

45 and second surfaces respectively, at least a single 
semiconductor element arranged facedown on the 
first surface of the substrate and operatively con- 
nected to the electrode terminals on the first sur- 
face, at least a single semiconductor element 

so and/or passive element arranged on the second 
surface of the substrate and operatively connected 
to the electrode terminals on the second surface, 
and a heat conductive base facing the first surface 
of the substrate and thermally in contact with the 

55 back surface of the semiconductor element ar- 
ranged on the first surface of the substrate. 

The multi-chip module of the present invention 
further comprises a support base and a cap. for- 
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rning an enclosure together with the heat conduc- 
tive base, and a heat sink fixed to the heat conduc- 
tive base, which results in achieving a high integra- 
tion density and a high power of the module. 

Other and further objects and advantage of the 5 
invention will become more apparent from the fol- 
lowing description, reference being had to the ac- 
companied drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS io 

Figure 1 shows a schematic cross section of a 
multi-chip module of the prior art in which semi- 
conductor elements are arranged on both sur- 
faces of a substrate and packaged in a resin is 
mold, 

Figure 2 shows a schematic cross section of a 
multi-chip module of the prior art in which semi- 
conductor elements are arranged on a front sur- 
face of a substrate only and a heat sink is 20 
provided for cooling high power semiconductor 
elements, 

Figure 3 shows a schematic cross section of an 
embodiment of a three-dimensional multi-chip 
module of the present invention in which high 25 
power and low power semiconductor elements 
are respectively arranged on bottom and front 
surfaces of a substrate, and cooling provision 
are provided for the high power semiconductor 
elements, 30 
Figure 4 shows a schematic cross section of 
another embodiment of a three-dimensional 
multi-chip module of the present invention in 
which high power semiconductor elements are 
arranged on a bottom surface and low power 35 
semiconductor elements and/or a passive ele- 
ment are arranged on a front surfaces of a 
substrate, 

Figure 5 shows a schematic cross section of still 
another embodiment of a three-dimensional 40 
multi-chip module of the present invention in 
which provision for cooling a substrate is added 
to the structure of Figure 4, and 
Figure 6 is a schematic side view of a sub- 
assembly of the present invention including a 45 
substrate and semiconductor elements, wherein 
the subassembly can be subjected to a prelimi- 
nary test before it is packaged. 
Throughout the drawings, the same reference 

numerals designate and identify the same or simi- 50 

lar parts. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

55 

Figure 3 shows a schematic cross section of 
an embodiment of a three-dimensional multi-chip 
module in accordance with the present invention. 
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A support base 3. a heat conductive base 4 
and a cap 7 form a packaging enclosure of the 
multi-chip module, and a substrate 2 with semicon- 
ductor elements 10a, 10b is enclosed therein. A 
heat sink 5 is attached to the heat conductive base 
4 and enhances heat handling capability of the 
multi-chip module. 

The substrate 2 is made of multilayer ceramic 
and predetermined wiring patterns are formed be- 
tween ceramic layers and/or on the surface of the 
substrate by the known technology. A plurality of 
semiconductor elements 10a, 10b are arranged on 
a first and second surface of the substrate 2, 
thereby the first surface being defined for the sur- 
face which subsequently faces the heat conductive 
base 4 after packaging. The semiconductor ele- 
ment 10a which requires comparatively large heat 
dissipation is arranged on the first surface of the 
substrate 2, and the semiconductor element 10b 
which requires comparatively small heat dissipation 
is arranged on the second surface thereof. There- 
fore, a semiconductor element which dissipates 



several watts to tens of watts is preferably arranged 
on the first surface of the substrate 2. 

In Figure 3, both semiconductor elements 10a, -sp **■ ! U. 
10b are bonded facedown to the first and second 4- -*t 

surfaces of the substrate 2, namely, ther major ^ -w 

surface comprising main integrated circuits of the 
semiconductor element is bonded facing the sub- 
strate 2. In Rgure 3, a flip-chip method is applied -rd 
for bonding the semiconductor elements 10a, 10b «*, * 

and, in this case, a plurality of bumps 14 which are 
to be bonded to electrode terminals of the wiring r:>f 
pattern, are formed in advance on the major sur- -<&s$k& 



face of the semiconductor elements. The semicon- 
ductor elements 10a, 10b are disposed at the pre- 
determined positions respectively on the first and 
second surfaces of the substrate 2 and they are 
heated for reflowing the solder of the bumps. 

A subassembly composed of the semiconduc- 
tor elements 10a, 10b and the substrate 2 is moun- 
ted on another subassembly composed of the sup- 
port base 3 and the heat conductive base 4, there- 
by these two parts being fixed together by thermal 
conductive resin or solder. The support base 3 is 
made of multilayer ceramic and comprises a buried 
wiring pattern (not shown) and a plurality of outer 
leads 12 and a plurality of electrode terminals 31. 
The outer leads 12 and electrode terminals 31 are 
operatively connected by the wiring pattern. 

The material used for the heat conductive base 
4 is required to have a high thermal conductivity 
and also have a thermal expansion coefficient 
which is close to that of silicon as much as possi- 
ble. Porous sintered copper-tungsten (Cu-W) and 
sintered copper-molybdenum (Cu-Mo) have a ther- 
mal expansion coefficient of approx. SxlO^/deg, 
and these materials are favorable as the heat con- 
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ductive base 4 on which silicon chip (having a 
thermal expansion coefficient of about 
2.6x1 0-Vdeg) is disposed. 

The substrate 2 with semiconductor elements 
10a, 10b is mounted on the heat conductive base 4 
in a manner that the minor surfaces (back surfaces) 
of the semiconductor elements 10a are fixed to the 
heat conductive base 4 using heat conductive ad- 
hesive 16 such as Ag paste, solder, etc. between 
the thermal conductive base 4 and the minor sur- 
face of the semiconductor elements 10a, and fur- 
ther the substrate 2 is fixed to the support base 3 
using insulating thermal conductive resin there- 
between. 

Next, electrode terminals 31 on the step por- 
tion of the support base 3 and electrode terminals 
21 on the substrate 2 are connected by bonding 
wires 15. 

Finally, a heat sink 5 of aluminum or aluminum 
alloy is fixed on the outer surface of the heat 
conductive base 4 using thermal compound, and 
the cap 7 of iron-nickel alloy closes an opening of 
the support base 3. Thus, the three- dimensional 
multi-chip module of the embodiment is completed. 

Figure 4 shows a schematic cross section of 
another embodiment of a three-dimensional multi- 
chip module of the present Invention. Semiconduc- 
tor elements 10a having comparatively a large heat 
dissipation are arranged facedown on the first sur- 
face (bottom surface) of the substrate 2 and bon- 
ded thereto in the same way as in Figure 3. On the 
other hand, semiconductor elements 10b having 
comparatively a small heat dissipation are arranged 
faceup on the second surface (front surface) of the 
substrate 2, and pads (not shown) on the semicon- 
ductor element 10b are connected to electrode 
terminals on the substrate 2 using a bonding wire 
13. Further a passive elements 6 such as capacitor, 
coil, and resistor are arranged on the second sur- 
face of the substrate 2 and connected to the elec- 
trode terminals on the substrate 2. 

Figure 4 shows that active and/or passive ele- 
ments which require a wire-bonding method can be 
mixed and comprised in the module using the 
second surface of the substrate 2. 

Figure 5 shows a schematic cross section of 
still another embodiment of the present invention. 
The only one difference in structure between Fig- 
ure 4 and Figure 5 exists in that the module of 
Figure 5 further comprises a heat conductive metal 
member 9 having elasticity. One end 9a of the 
metal member 9 is fixed to an inside surface of the 
cap 7. The other end 9b of the metal member 9 is 
elastically in contact with the inside surface of the 
cap 7 and can move when the metal member 9 is 
subjected to thermal expansion. The middle portion 
of the metal member 9 is elastically in contact with 
the second surface of the substrate 2 and pressing 



the second surface of the substrate 2 when the cap 
7 closes the opening of the support base 3. 

Since semiconductor elements 10b and/or pas- 
sive elements 6 arranged on the second surface of 
5 the substrate 2 have no direct heat removing 
means such as the heat conductive base 4 for the 
semiconductor elements 10a on the first surface of 
the substrate 2, heats generated in semiconductor 
elements 10b and passive elements 6 are con- 
io ducted to the substrate 2. Temperature rise of the 
substrate 2 can be remarkably reduced by the 
function of the above metal member 9 by conduct- 
ing the heat of the substrate 2 to the cap 7 which is 
cooled by the ambient atmosphere. 

is The shape of the metal member 9 in Figure 5 

shows an illustrative one, and many other shapes 
can be used. One end of the metal member 9 may 
be fixed to the substrate 2 and the other end may 
be in contact with the cap 7 or vice versa, thereby 

20 metal member 9 having a "U" character shape 
being used laying its side up. 

Figure 6 shows a schematic cross section of a 
modified structure of a substrate 2 with semicon- 
ductor elements 10a, 10b arranged thereon. Wiring 

25 patterns (not shown) on the substrate 2 has test 
terminals 22 other than electrode terminals 21 
which are actually used for bonding the semicon- 
ductor elements 10a, 10b and subsequently for 
connecting the wiring patterns to the outside elec- 

30 trode terminals. Before packaging the substrate 2 
having the semiconductor elements 10a, 10b bon- 
ded thereto into the multi-chip module, it is desir- 
able that the subassembly of Figure 6 comprising 
the substrate 2. and the semiconductor- elements 

35 10a, 10b bonded thereto, is subjected to function 
test, in which the entire circuit of the module is 
divided into several circuit blocks and each circuit 
block is tested using the test terminals 22 and/or 
electrode terminals 21. 

40 When any of the circuit blocks is found to be 

defective, a defective semiconductor element can 
be easily replaced with a good one. After confirm- 
ing the subassembly works satisfactory, the sub- 
strate 2 with semiconductor elements 10a. 10b is 

45 packaged in the enclosure of support base 3, heat 
conductive base 4 and cap 7. In Figure 6, all 
semiconductor elements 10a, 1 0b are bonded 
facedown to the substrate 2 using bumps 14. A 
substrate 2 having test terminals 22 can be utilized 

so for other multi-chip module comprising semicon- 
ductor elements requiring wire bonding and/or pas- 
sive elements. 

The present invention may be embodied in 
other specific forms. The presently disclosed em- 

55 bodiments are, therefore, to be considered in all 
respects as illustrative and not restrictive, the 
scope of the invention being indicated by the ap- 
pended claims, rather than the foregoing descrip- 
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tion, and all changes which come within the mean- 
ing and range of equivalence of the claims are, 
therefore, to be embraced therein. 

Claims 5 

1. A multi-chip module having a plurality of semi- 
conductor elements arranged three-dimension- 
ally, said multi-chip module comprising: 

a substrate (2) having a first surface and a 10 
second surface, and wiring patterns including a 
plurality of electrode terminals (21) formed on 
the first and second surfaces respectively, 
at least a single semiconductor element (10a) 
arranged facedown on the first surface of the 15 
substrate (2) and operatively connected to the 
electrode terminals (21) on the first surface, 
at least a single semiconductor element (10b) 
arranged on the second surface of the sub- 
strate (2) and operatively connected to the 20 
electrode terminals (21) on the second surface, 
and 

a heat conductive base (4) facing the first 
surface of the substrate and thermally in con- 
tact with a back surface of the semiconductor 25 
element (10a) arranged on the first surface of 
the substrate (2). 

2. A multi-chip module as recited in claim 1 , said 
multi-chip module further comprising: 30 
a support base (3) having a plurality of outer 
leads (12) and a plurality of electrode terminals 
operatively connected to the outer leads (12) 

and having an opening for accepting said sub- 
strate (2) with the semiconductor elements 35 
(10a,10b) therein, thereby the electrode termi- 
nals on the support base (3) being operatively 
connected to said electrode terminals on the 
substrate (2) and an end surface of the support 
base (3) being fixed to the periphery of said 40 
heat conductive base (4). 

3. A multi-chip module as recited in claim 2, said 
multi-chip module further comprising: 

a cap (7) disposed on said support base (3) 45 
facing the second surface of the substrate (2), 
thereby said heat conductive base (4), said 
support base (3) and the cap (7) forming an 
enclosure inside which said substrate (2) is 
disposed. 50 



5. A multi-chip module as recited in anyone of 
claims 1 to 4, wherein said semiconductor 
element (10a) on the first surface of the sub- 
strate (2) is the one whose heat dissipation is 
large and said semiconductor element (10b) on 
the second surface is the one whose heat 
dissipation is small. 

6. A multi-chip module as recited in anyone of 
claims 1 to 5, said multi-chip module further 
comprising: 

a passive element (6) arranged on the second 
surface of the substrate (2). 

7. A multi-chip module as recited in anyone of 
claims 1 to 6, wherein material of said heat 
conductive base (4) has a thermal expansion 
coefficient close to that of the semiconductor 
element (2). 

8. A multi-chip module as recited in anyone of 
claims 2 to 7, wherein said substrate (2) and 
said support base (3) are made of ceramic. 

9. A multi-chip module as recited in anyone of 
claims 3 to 8, said multi-chip module further 
comprising: 

an elastic metal member (9) of heat conductive 
material inserted between the second surface 
of said substrate (2) and the inside surface of 
said cap (7). 

10. A multi-chip module as recited in claim 9, 
wherein one and (9a) of said metal member (9) 
is fixed to the inside surface of the cap (7), the 
other end (9b) thereof is movable in contact 
with the inside surface of the cap (7), and the 
middle portion thereof is in contact with said 
second surface of the substrate (2). 

11. A multi-chip module as recited in anyone of 
claims 1 to 10, wherein said wiring pattern 
further comprises test terminals (22), whereby 
the test terminals (22) are used for testing 
each circuit block of a subassembly composed 
of said semiconductor elements (10a,10b) and 
the substrate (2) before packaging into the 
multi-chip module. 



A multi-chip module as recited in anyone of 
claims 1 to 3, said multi-chip module further 
comprising: 

a heat sink (5) for cooling said heat conductive 55 
base (4). 
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FIG. 2 PRIOR ART 
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